ABSTRACT In 1981-2 a retrospective study was undertaken in a polyamide-polyester factory in Lyon, France, to evaluate the effect of exposure to phthalates, nickel catalysers, and other chemicals in the work environment. The present paper reports the results of the follow up of this cohort up to July 1986. A slightly increased risk of cancers, in particular of the lung (44 cases), marginally related to exposure category but not significantly related to duration of exposure was found. The excess of skin cancers noted previously has disappeared, whereas an excess ofcases of bladder cancer (based on seven cases) may be noted, mainly among nylon workers. The cohort is still young, however, and a continued follow up is likely to yield important information about the potential hazards associated with the nylon and tergal polymer industry.
Chemical workers have become increasingly concerned about the presence of carcinogens in their occupational environment. Their concern motivated the start, in 1981-2, of a retrospective cohort study of mortality in the Belle Etoile chemical factory owned by Rhone-Poulenc, a leading French chemical company, near Lyon, France. The results of this study, based on a follow up covering the period from 1950 to September 1981, were published previously.' They indicated a slight excess of lung, laryngeal, and skin cancers, marginally related to industrial process, yet not significantly related to duration of employment. The cohort, however, was quite young at the end of that study and it was decided to extend the follow up of this stable cohort to elucidate the statistical associations noted previously.
The present pages report the results of the follow up of this cohort to July 1986. Apart from examining the associations noted previously, it also examines the issues of smoking and alcohol consumption as potential modifiers ofthe risk due to occupational exposure.
Materials and methods
The plant was built in 1950 and became fully operational in 1962. Altogether 4014 workers have been employed, with an average of 1900 workers at Accepted 26 September 1988 any one time. It should be noted, however, that the plant currently employs only 1100 workers because of economic restrictions. There is round the clock production with 50% of the personnel working the day shift.
The activities are divided into administration, production, maintenance, and analysis and control. The production is highly specialised: polyamide (nylon 6-6: 51 000 t/year), polyester (tergal: 55 000 t/ year) and polyamid resin (150 t/year; since 1982 only). It is suspected that numerous potentially hazardous substances including ammonia, adipic acid, hexamethylene diamine, titanium oxide, Raney nickel, manganese and cobalt salts, terephthalic acid and its salts (including dimethylterephthalate), paraxylene, ethylene glycol, and methylene dianiline have at one time been present in the occupational environment. The physician in charge of the medical service directly supervises the collection of job information from factory records and the ascertainment of vital status. In France researchers are not allowed access to death certificates. The information on vital status was therefore obtained from records of the employee pension fund and from municipal records at the birthplace. Cause of death information was obtained from the personnel files of the medical service in the factory or from hospital records (87 8%), from the treating physicians (6-9%), or next of kin (5 3%). The causes thus identified were coded following the rules and nosology of the 9th International Classification of Diseases (ICD9)." In addition, since 1978, the physician has been inquiring annually about the tobacco and alcohol consumption habits of the subjects still employed.
The cohort includes 3086 men, identified in 1981-2 and employed for more than one year in at least one area of the plant. The figure is a summary of the two follow ups. Women were excluded from the cohort because of their small number (n = 158).
The statistical analyses entailed comparing the mortality observed in the cohort with that expected in the French male population standardised for age The standardised mortality ratio (SMR) was used as a measure of deviation between the observed and expected number of deaths. The significance, and a 95% confidence interval (95% CI) for that estimate, were derived based on the assumption of a Poisson distribution of the number of deaths.
Further analyses ofmortality in relation to exposure were performed. Because of the complexity of exposure information for the substances of interest, the subjects were classified into four categories based on their nylon/tergal employment history:
Nylon workers (25 635 person-years)-Subjects employed either in the production of nylon salt, which began in 1952, or in that of the polymer nylon 6-6, which began in 1958. They were also exposed to Raney nickel, used as a catalyser.& Tergal workers (15 142 person-years)-Subjects employed in the production or in the polymerisation of dimethylterephthalate, which began in 1956.
Maintenance workers (7386 person-years)-Subjects exposed to the same substances as the workers in nylon and in tergal.
"Unexposed" workers (7535 person-years)-Mainly subjects employed in administration and in various other positions, thought not to be exposed to either nylon or tergal processes. It should be noted that workers employed since 1982 in polyamide resin production are included in this category as they are not exposed in either nylon or tergal production. The possibility that they are exposed to other hazardous substances cannot be excluded but their number is small (about 15 workers) and the start of the exposure is recent.
A fifth category, that of "mobile workers" (14 109 person-years), was also created and defined as employees who worked in more than one of the initial four categories. For At the end of the follow up period, 86 5% of the cohort was still alive. Of the remainder, 13 5% was dead and only 0-4% lost to follow up. The circumstances of death are known for all but 8-8%.
The follow up of the cohort consists of 69 819 person-years, 13 219 of which were accumulated since the end of the previous study period, mostly, as expected, in the age groups 35-54 and 55-74. The distribution of person-years at risk by time since beginning ofemployment is as follows: 39% in the 0-9, 38% in the 10-19, and 23% in the 20 or more years group. Table 1 gives the mortality by specific cause. Total mortality is significantly lower in the cohort than in the reference population (SMR = 86-1). As in the previous follow up, this is due to a deficit of deaths from non-malignant causes (SMRs of 19 for infectious diseases, 31 for circulatory diseases, 75 for respiratory diseases, 74 for diseases of the digestive system, and 75 for accidents and suicides). This deficit, however, is less pronounced than in the first follow up: SMRs of 70 and 84, respectively, for the first and second follow ups. SMRs for accidents and suicides and for nonmalignant diseases of the respiratory system are greater than 100 in the 1981-6 follow up. The SMR for all causes also changes with time since first employment: it increases from 73 for subjects who started work less than 10 years previously to 100 for those who were hired over 20 years ago.
The number of deaths from cancer (all sites) is still significantly higher than expected (SMRs of 120 and 115 respectively in the first and the whole follow up). Excesses are observed for the following sites: larynx, intestine, rectum, lung, skin, bladder, leukaemia, and other malignant neoplasms. The excess is statistically significant at the 0-05 level only for the lung. It is marginally significant for the bladder.
The different tendencies observed in the two periods are as follows (table 2): lung cancer mortality continues to be raised Hours, Cardis, Marciniak, Quelin, Fabry workers but an excess is also present among tergal, mobile, and unexposed workers.
For all causes of death, the SMRs are lower than 100 in all exposure categories except unexposed. The SMR is 75 and statistically different from 100 for mobile workers.
Further studies were carried out for lung cancer to test whether the difference in SMR between the nylon workers and the others was due to a difference in smoking habits. In a stratified analysis using Poisson regression and adjusting for age and calendar period the effect of number of cigarettes smoked (coded as: 0, 1-9, 10-19, > 20 cigarettes/day) was statistically significant but no effect of quitting and no interaction with study group was significant. Table 5 presents the distribution of number of cigarettes smoked a day by study group; there is no difference in mean lifetime cigarette consumption between the employment categories. There is, however, a higher proportion of current smokers among non-exposed workers. The information on smoking was restricted to the 1271 subjects for whom it was collected; it is apparent, however, that those workers for whom the information is available tend to smoke more than the male French population. '5 Finally, in an effort to strengthen the association of risk of lung cancer with exposure category a casecontrol study was performed within the cohort to test the effects of total duration of employment in the factory and of duration of employment in tergal, in (29) 182 (8) 176 (1) *Significant at the 0-05 level. **Significant at the 0 01 level. nylon, and in the "tergal environment" (defined as employment in one of tergal, mobile, or maintenance'). The risk of lung cancer continues to be significantly (SMR = 140 in this study compared with 146 in the previous follow up), though slightly less than observed previously. The excess is seen in all employment categories except nylon, which agrees with the observations in the previous study. The highest excess is observed among maintenance workers; these workers, as mentioned previously, are called on to repair and maintain equipment throughout the plant and are probably exposed to the widest range of potentially hazardous agents.
The hypothesis of a smoking explanation for lung cancer, inasmuch as it can be tested correctly with information available only for those still employed in 1978, does not seem sufficient to explain all of the excess lung cancer in these exposure categories. The workers in this cohort tend to smoke more than the general population, yet the distribution of cases of lung cancer among employment categories does not reflect differences in smoking habits between these categories. The increase in bladder cancer, moreover, also a smoking associated site, is seen in nylon workers only, whereas that of lung cancer appears in all categories except nylon.
The hypothesis of an occupational exposure explanation of the increased risks was further tested with an analysis by duration of employment in each category. No effect of duration of employment or of time since start of employment was found. The existence of an association between lung cancer and occupational exposure in this industry cannot yet be either proved or discarded. Such an association, moreover, has also been suggested by Riboli et al in a study of workers exposed to phthalic anhydride and derivatives. 6 In conclusion, the present study confirms a slightly increased risk of cancer (mostly lung) in the nylon and tergal industry. We may discard the excess risk of skin cancers observed previously as being due to chance. No further association or lack of one can be put forward with any certainty.
